. v19n3. This paper describes the horizontal distribution patterns of eggs and larvae of the anchovy, Engraulis anchoita, at two distinct oceanographic regions in the Southern Brazilian Shelf (SBS). Santa Marta Cape (SMC; 28°30') is character ized by upwelling events, while Albardão (33º) is influenced by Plata Plume Waters (PPW) and the Subtropical Shelf Front (SSF). Ichthyoplankton was sampled during winter 2005 and summer 2007 at SMC and Albardão at night and daytime with a Multinet. Three 330μm meshnets results were combined to express the horizontal distribution of anchovy early stages. Maps of salinity, temperature, fish eggs and larvae were made to evaluate spatial distributional patterns. Temperature SalinityIcthyoplankton (TSI) diagrams were used to infer fish larvae distribution with respect to water mass composition. According to TSI diagrams, PPW was found in both regions and was positively associated with ichthyoplankton abundance. Mean larvae and eggs abundance during winter were greater than summer and ichthyoplankton was more abundant in SMC than off Albardão. At both seasons, eggs and larvae were usually present in cold waters. The highest concentration of anchovy eggs and larvae were found in coastal areas with low salinity during winter and summer.
INTRODUCTION
Almost all planktonic organisms, including fish eggs and larvae are found heterogeneously distri buted in the environment (Santos et al., 2006) as a result of both active behavior and passive transport mechanisms that control their distribution. These mechanisms outcome from a combination of biotic and abiotic factors of which the main physical varia bles are mixing, stratification, river discharge and wind (Norcross & Shaw, 1984) . Therefore, changes in spatial and temporal distribution of ichthyoplankton are deeply linked to variation in environmental factors (Sabatés & Olivar, 1996; Munk et al., 1999) . However, the majority studies carried out across the Southern Brazilian Shelf (SBS) are restricted to either only one season (Franco & Muelbert, 2003; Franco et al., 2006) or geographic limitation (Matsuura et al., 1992; Matsuura & Kitahara, 1995) , precluding discussions about how eggs and larvae change their distribution throughout seasons and locations.
The SBS is part of the western boundary margin of the South Atlantic Ocean, delimited to the north by Santa Marta Cape (28°30'S; 48°W) and to the south by Arroio Chuí (33°S;53°W) (Franco et al., 2006) . The region is known as spawning, feeding and growth area for one of the most important pelagic fish in the Southwest Atlantic, Engraulis anchoita (Castello, 1997a) . The decrease in its abundance should cause serious impact in energy flow across the ecosystem since the species is food source for many other marine organisms (Ivanovic & Brunetti, 1994; Frere et al., 1996; Naya, 2002) .
Larval, postlarval and youngoftheyear of E. anchoita are found in coastal waters throughout the year, but the species is most abundant during winter and spring when it is the peak of reproduction (Matsuura, 1992; Castello, 1997b) . Studies about E. anchoita have drawn attention to spawning in SBS where growth areas of this species are linked to both coastal upwelling systems in Santa Marta Cape (SMC) and under influence of Subtropical convergence in extreme southern Brazil (Franco et al., 2005) .
Coastal fronts in the South America are poorly studied and in many cases biological data are disso ciated from physical oceanographic processes (Acha et al., 2004) . Among the important oceanographic areas, Santa Marta Cape is characterized by the influ ence of different water masses: Tropical Water (TW), South Atlantic Central Water (SACW), Shelf Water (SW), Coastal Water (CW), and the Plata Plume Water (PPW) that can reach the region during winter (Acha et al., 2004; Piola et al., 2008; Campos, 2010) . In SMC the shelf is narrow and rather steep, and it is characterized by warm, saline and oligotrophic TW at surface covering cooler, fresh and nutrientrich SACW. The wind is predominantly NE and moderate during summer, when in contact with the sea surface pro motes offshore Ekman transport near the surface and forces an upwelling condition at the coast. On the other hand, during wintertime the coastal region undergoes a thermal inversion, causing weak stratification during this season (Matsuura, 1996; Castelão et al. 2004) .
Off Albardão is a region where Subtropical Shelf Water (STSW) and Subantartic Shelf Water (SASW) meet, originating the Subtropical Shelf Front (STSF) (Piola et al., 2000) . Furthermore, STSF is located just north from the mouth of the Río de la Plata which discharges large volumes of fresh water on western South Atlantic shelf, the Plata Plume Water (PPW), and promotes the presence of a strong frontal system in the Albardão region (Muelbert et al., 2008) . The proprieties of STSW and SASW, and the amount of freshwater inputted vary annually Piola et al., 2000) causing significant impact on physical, chemical and biological properties nearshore marine ecosystem (Muelbert et al., 2008) .
This study analyzed the crossshore distribution of eggs and larvae of Engraulis anchoita at these two peculiar oceanographic regions. The main goal is to understand how spatial crossshore distribution of early stages is influenced by water discharged from Río de la Plata and upwelling at Santa Marta Cape.
MATERIAL AND METHODS
Data were gathered during two interdiscipli nary research cruises in winter 2005 and summer 2007 (PRONEX I and II, respectively) along the SMC (28º30') and Albardão (33ºS). In SMC, each transect was comprised of five stations spaced 14 miles apart that resulted in 15 stations sampled during each season. Whereas, Off Albardão surveys were com posed of three transects perpendicular to the coast, each comprised of six stations spaced 17 miles apart that yielded 18 stations sampled during each season (Figure 1) .
Ichthyoplankton was collected during night and daytime with a Multinet 0.25 m² towed at 2 knots, equipped with two 200 μm mesh nets and three 330 μm mesh nets. An internal and an external flowmeter were mounted in the net frame to control filtration efficiency and determine volume of water filtered. In this study, data from the three 330 μm mesh nets were combined to express the horizontal distribution of E. anchoita eggs and larvae while data from 200 μm mesh nets were not considered. All samples were preserved in 4% borax buffered formaldehyde. Anchovy eggs and larvae were subsequently sorted, counted, measured and their abundance was standardized to 100 m³. Temperature and salinity were taken at each station with a Seabird 19E CTD.
Maps of salinity, temperature, fish eggs and larvae were made with Ocean Data View 3.4.1 to evaluate spatial distributional patterns. Temperature SalinityIcthyoplankton (TSI) diagrams were used to infer fish larvae distribution with respect to water mass composition. Mean abundance of eggs and larvae were compared between seasons and regions using a ttest (Zar, 1999) .
RESULTS
A total of 265 larvae and 324 eggs were re corded during this study. Santa Marta Cape presented higher ichthyoplankton abundance than off Albardão (ttest, p<0.05), and in both areas mean larval and egg abundance during winter was higher than in summer (ttest, p<0.001) ( Table 1) . 
Winter
In Santa Marta Cape, surface temperature ranged from 17.66 to 22.5°C (Figure 2a,b) . The coldest waters were found close to the shore and southward, whereas the warmest stations were offshore. The same pattern was shown for salinity, with low salinity waters close to the coast and toward south, and high salinity waters offshore (Figure 2c,d) . Ichthyoplankton was present in regions with low temperature and salinity, and close to the shore (Figure 2 ). Eggs were con fined to the shore areas, with the highest abundance reaching 55.17 eggs.100 m3 (station 9) (Figure 2a,c) . The highest abundance of larvae was also close to coast (176 larval.100 m3, at station 10), but larvae were also present toward offshore (Figure 2b,d) . TSI diagrams revealed that ichthyoplankton abundance was mainly associated with waters from STSW and PPW (Figure 3a) . Off Albardão, surface temperature varied from 12.21 to 18.35°C (Figure 4a,b) . The coldest waters were found close to the coast and southward, whereas the warmest stations were found toward the edge of shelf. The lowest salinity values were found near the shore, whereas the maximum values were found toward the oceanic region (Figure 4c,d ).
Ichthyoplankton abundance was higher in coastal areas and southward, with a peak of larvae at station 4 (4.32 ind.100 m3) and eggs at 19 (88.21 eggs.100 m3) (Figure 4) . TSI diagram showed that the abun dance of larvae and eggs were higher in areas under influence of both water outflow from Río de la Plata and STSW (Figure 3b ). 
Summer
In Santa Marta Cape, surface temperature varied from 18.09 to 26.32°C (Figure 5a,b) . The warmest waters were located northward (stations 3 and 4), whereas the coldest waters were found close to the coast. Surface salinity varied little among stations with minimum and maximum of 35.38 and 36.54 respectively (Figure 5c,d) . Ichthyoplankton was presented only in four stations, larvae were recorded mainly in southern stations while eggs were found only at one station, away from shore ( Figure 5 ). TSI diagram revealed that abundance of ichthyoplankton was associated with all water masses presented during this season (Figure 6a ). Off Albardão, maximum surface temperature was 25.02°C and minimum 22.88°C (Figure 7a,b) . Surface salinity varied from 32.63 to 34.18 being almost homogeneous (Figure 7c,d) . Ichthyoplankton abundance was high along coastal areas (Figure 7) whereas eggs were presented only at one coastal sta tion (Figure 7a,c) . TSI diagram showed that abundance of ichthyoplankton was mainly associated to low sali nity waters from STSW, PPW and SASW (Figure 6b ). 
DISCUSSION
The pronounced seasonal difference in the number of fish eggs and larvae observed is linked to the spawning cycle of the adults of E. anchoita in the region. Results showed overwhelming number of eggs and larvae during winter, suggesting seasonal changes in spawning activity of this species. Anchovy spawns intensively off southern Brazil during winter and early spring (Lima & Castello, 1995) . At both seasons, the largest concentration of anchovy eggs and larvae were recorded in coastal areas with low salinity. This proximity to the coast and absence in offshore stations characterize these larvae as shore fish larvae (Sabatés et al., 2007) . The same pattern was previously observed in Cape Santa Marta Grande where Matsuura & Kitahara (1995) recorded high abun dance of eggs and larvae at coastal stations.
During winter, eggs and larvae were usually present in cold waters (SMC 17°C -18°C and Albardão 12°C -13°C) however studies performed in higher latitude regions than in this study, (Ciechomski, 1968) pointed out that E. anchoita larvae cannot be found in temperatures lower than 11°C. During summer, the surface temperature was homogeneous and only a small amount of ichthyoplankton was collected. This small amount precludes any inferences about physicalbiological relationship. However, Matsuura et al. (1985) suggest that anchovy also choose colder water to spawn during summer.
In summer 2007 a weak upwelling was identi fied in Santa Marta Cape due to wind changes from NE to S/SE (Campos, 2010) . Despite weak, the occurrence of upwelling during summer in that region favors abundance of suitable food (zooplankton), as a consequence of high primary production (Resgalla Jr. et al., 2001) . Although food availability, a decrease in anchovy larvae abundance during this season was registered suggesting that other factors act in synergy to determine larvae distribution and abundance.
The decrease in abundance of eggs and larvae of E. anchoita during summer can be understood in two ways: first, as a protection strategy to larval mortality caused by offshore transport to unfavorable areas (Santos et al., 2004) . Santos et al. (2001) suggested that the intensity and frequency of upwelling events during spawning season should impact negatively the recruitment of small pelagic species due to offshore advection. On the contrary, the highest abundance of ichthyoplankton during winter is the result of E. anchoita spawning combined with Ekman trans port directed onshore (Lima & Castello, 1995) where anchovy larvae can find suitable conditions. Second, despite food enrichment during summer, higher feeding success of anchovy larvae was observed for winter (Vasconcellos et al., 1998) . This suggests the combined effects of freshwater runoff associated to high concentration of organic and suspended matter and biological production (Muelbert el al., 2008) on the feeding success of larvae, which may not depend only on food concentration (Vasconcellos et al., 1998) .
High concentration of eggs and larvae of the Engraulis genus is associated to low salinity waters from river runoff, but depending on species or region the season with peak of abundance is not the same (Palomera, 1992; Olivar & Sabatés, 1997 , Muelbert et al., 2008 . According to TSI diagram and maps elabo rated for Albardão and Santa Marta Cape, E. anchoita was positively related with water from Río de la Plata mainly during winter when the input of freshwater is large due to combination of increased continental pre cipitation and wind stress . On the other hand, some studies presented a negative corre lation between catches of Engraulis japonica larvae and river discharges (Lee & Lee, 2004) as a result of their optimal osmotic pressure (Lee et al., 1990) , ocean currents (Funakoshi, 1988) and suitable food (Mitani & Hasegawa, 1988) in Pacific Ocean.
The large abundance of anchovy eggs and larvae in PPW for both areas can be related not only to their physical characteristics, but also to high concen trations of organic and suspended matter asso ciated to this water mass (Muelbert el al., 2008) . This characte ristic leads to increase in primary and consequently secondary productivity, resulting in more available resource for E. anchoita larvae.
The results provided in this study support that crossshore distribution of early stages of E. anchoita is influenced by water discharge from Río de la Plata and upwelling at Santa Marta Cape, leading to heteroge neous distribution pattern. Likewise anchovies around the world, that tend to utilize different oceanography events associated to spawning and to nursery areas (Castro et al., 2000) , larvae of E. anchoita are very well adapted to the environmental changes caused by local oceanographic events through year.
